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Abstract
Background: The NADH-ubiquinone oxidoreductase flavoprotein gene (NDUFV2), which encodes a 24 kD
mitochondrial complex I subunit, has been reported to be positively associated with schizophrenia and bipolar
disorder in different populations.
Methods: We genotyped the promoter variants of this gene (rs6506640 and rs1156044) by direct sequencing in
529 unrelated Han Chinese schizophrenia patients and 505 matched controls. Fisher’s Exact test was performed to
assess whether these two reported single nucleotide polymorphisms (SNPs) confer susceptibility to schizophrenia
in Chinese.
Results: Allele, genotype and haplotype comparison between the case and control groups showed no statistical
significance, suggesting no association between the NDUFV2 gene promoter variants and schizophrenia in Han
Chinese.
Conclusion: The role of NDUFV2 played in schizophrenia needs to be further studied. Different racial background
and/or population substructure might account for the inconsistent results between studies.
Background
Mitochondrial dysfunction was considered as a risk
factor for the onset of schizophrenia and other
psychiatric disorders [1]. As a core component of
mitochondrial respiratory chain, the 24 kD subunit of
mitochondrial complex I, NADH-ubiquinone oxidore-
ductase flavoprotein (NDUFV2), is a hot candidate
target for psychiatric disorders [2-7]. The first clue
that indicated a potential positive association of the
NDUFV2 gene with schizophrenia could be traced to the
pioneer association and linkage study by Schwab and col-
leagues [8], in which they reported chromosome 18p
(which contains this gene), conferred susceptibility to
functional psychoses in families with schizophrenia. Subse-
quent analyses showed a decreased level of NDUFV2
expression in postmortem prefrontal cortex and striatum
of schizophrenia patients [9-11] and in lymphoblastoid cell
line of Caucasian schizophrenia patients [4], suggesting an
active involvement of NDUFV2 in schizophrenia. Recent
association studies further indicated that the NDUFV2
promoter haplotype, which was constituted by two SNPs
(rs6506640-rs1156044), was significantly associated with
schizophrenia in Japanese population [5]. This association
was also found in patients with bipolar disorder from
different populations [6,7,12,13]. Among these studies,
SNP rs1156044 (which is located in position -602 relative
to the transcription start site) was suggested to be
responsible for the altered expression change in
patients. In particular, the “A” allele of this SNP could
lead to a significantly reduce of the promoter activity
[12]. Note that this seemingly deleterious A allele is
the major allele in the HapMap populations [14].
Assume that the altered expression of the NDUFV2
gene account for the reported positive association, one
would expect more people suffer from this “abnormal”
allele. In this study, we genotyped two promoter var-
iants (rs6506640 and rs1156044) of the NDUFV2 gene
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zophrenia susceptibility in Han Chinese.
Methods
Subjects
A total of 529 unrelated patients with schizophrenia
and 505 matched healthy controls, all of Han Chinese
origin, were recruited from Hunan Province in South
Central China. The schizophrenia was clinically diag-
nosed according to DSM-IV. Informed consent was
obtained from all participants or the supervisors of the
patients prior to this study. Diagnosis and review of
psychiatric case records were independently checked
and verified by two senior psychiatrists. The controls
were clinically diagnosed as no psychiatric disorders or
other diseases and were well matched in geographic
origin and ethnicity with the schizophrenia patients.
The institutional review boards of Kunming Institute
of Zoology and Central South University approved this
study.
Genotyping
The two SNPs (rs6506640 and rs1156044) were ampli-
fied independently by PCR and were genotyped by
direct sequencing method using ABI PRISM 3730
Genetic Analyzer (Perkin-Elmer Applied Biosystems).
PCR amplification was performed in a volume of 25 μL
containing primer pair for each SNP (for rs6506440:
5’-AAAGACGGTGGTCTACTGTG-3’/5’-GGTCTC-
CCAACCCTAATC-3’; for rs1156044: 5’-CAGAAAA-
GAAGGCAGTGACG-3’/5’-CCTCATGGAGAGCC-
TTGTG-3’) .T h eP C Rp r i m e r sw e r ea l s ou s e df o r
sequencing. Sequencing results were handled by the
DNASTAR program (DNASTAR Inc.) and the original
sequencing chromatograms of each sample were
further checked by eyes. A few samples were randomly
selected and were independently sequenced to evaluate
the genotype accuracy, and the results were well
matched between different runs.
Statistical analysis
The allele, genotype and haplotype frequencies of both
SNPs were compared between case and control samples
by the Fisher’s Exact Probability Test. Deviation from
the Hardy-Weinberg equilibrium was calculated by
using Monte Carlo permutation test through HWsim
program [15]. Linkage disequilibrium (LD) was calcu-
lated by Arlequin3.01 software [16]. PHASE2.1.1
program [17] based on the Bayesian method was used
to infer haplotype of the two SNPs.
Results and discussion
No deviation from the Hardy-Weinberg equilibrium was
found for both rs6506640 and rs1156044 in the control
subjects and schizophrenia patients in our study
(Table 1). The two SNPs were strongly linked with each
other (|D’|=0 . 9 8 ,r
2 =0 . 9 5i nc o n t r o l s ;| D’| = 0.98,
r
2 = 0.93 in patients). Consistent with previous reports
in Japanese [5], we observed no association in allele and
genotype comparisons between the case and control
groups (Table 1). There was no significant difference in
haplotype frequencies (Table 2) between the case and
control groups; these results were in contrast to pre-
vious finding for positive associations between haplo-
types A-G, G-A and G-G with schizophrenia [5].
Compared with western Eurasian, Chinese popula-
tion is genetically close to Japanese population and
they may share nearly same genetic background in dis-
ease. In order to unravel the reason of non-replicated
association between NDUFV2 gene polymorphisms and
schizophrenia in Han Chinese population, we down-
loaded the normal Han Chinese and Japanese data
from HapMap and performed a comparison to discern
potential bias in sampling. As only rs1156044
was available in HapMap database, we performed
intra-population comparison for this SNP (Table 3).
Our control population (CT-HC; sample 2 in Table 3)
was significantly different from the Han Chinese data
in HapMap (CT-CHB+CHD; sample 5) in allele
Table 1 Distribution of the NDUFV2 gene promoter variants in Han Chinese with and without schizophrenia
SNP and population Genotype P-value
a Allele P-value
a HWE
b
A/A (%) A/G (%) G/G (%) A (%) G (%)
rs6506640
SZ-HC (n = 529) 294 (55.6) 196 (37.0) 39 (7.4) 0.179 784 (74.1) 274 (25.9) 0.113 0.551
CT-HC (n = 505) 298 (59.0) 183 (36.2) 24 (4.8) 779 (77.1) 231 (22.9) 0.689
rs1156044
SZ-HC (n = 529) 292 (55.2) 195 (36.9) 42 (7.9) 0.142 779 (73.6) 279 (26.4) 0.075 0.396
CT-HC (n = 505) 299 (59.2) 180 (35.6) 26 (5.2) 778 (77.0) 232 (23.0) 0.914
Note: SZ = schizophrenia; HC = Han Chinese; CT = control.
a Two-tailed Fisher’s Exact Probability Test was used to quantify the allele difference between the case and control groups.
b The Hardy-Weinberg Equilibrium was computed by Monte Carlo permutation test (10000 simulations).
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(P = 0.076). In contrast, the Japanese control population
(CT-JP; sample 4) reported by Washizuka et al. [5] was
not significantly different to the HapMap Japanese data
(CT-JPT; sample 6) in allele frequency (P = 0.663),
but reached statistical difference in genotype frequency
(P = 0.041). The difference between Han Chinese con-
trol populations reported in this study and HapMap was
caused by CT-CHB (CT-HC vs. CT-CHB, P =0 . 0 3 2 ;
CT-HC vs. CHD, P = 0.251), as this population was
from north China and populations from north and
south China are quite different according to a recent
g e n o m e - w i d ea s s a y[ 1 8 ] .A l lt h es u b j e c t sr e c r u i t e di n
this study were from Hunan Province which is located
in southern China, thereby presented genetic difference
to CT-CHB. The exact reason for the observed differ-
ence between the Japanese control population and those
from HapMap was unknown, as there was no detailed
information regarding the Japanese control sample in
Washizuka et al.’s study [5]. It thus seems that potential
bias on non-random sampling and population substruc-
ture might account for the marvelous differences in
both allele and genotype frequencies of rs1156044 in
different populations (Table 3).
Despite a fact that “A” allele of rs1156044 was
reported to decrease the promoter activity in functional
assay [12], this functional deficiency does not seem to
be the causal factor for schizophrenia in Han Chinese.
The lack of association in allele, genotype and haplotype
with schizophrenia in our study indicates that the pro-
posed effect of the NDUFV2 gene on schizophrenia
should be treated with caution. Racial difference and/or
population substructure may account for the inconsis-
tent results between Han Chinese and Japanese as
observed in this study. It should be mentioned that the
most significant haplotypes (A-G and G-A) found by
Washizuka et al. [5] were rare haplotypes, which could
be more easily influenced by the small sample size (199
patients vs. 221 controls). Evidently, the utilization of
public HapMap database undoubtedly provides insight-
ful information in association study, especially when
inconsistent results were reported.
Limitations
There are several limitations that should be addressed in
the present study. First, we did not sequence the entire
promoter region of the NDUFV2 gene and no other tag-
ging SNPs of this gene was genotyped, so we could not
rule out the possibility that other unreported promoter
variant(s) and/or haplotype(s) affected the expression of
this gene. Second, only Han Chinese sample from
Hunan Province was recruited in this study, and this
might not necessarily eliminate the potential bias
regarding the sampling. Finally, we did not put the data
for other confounding factors (e.g. age, sex and so on)
into the logistic regression model to test whether they
would affect the associations for those two SNPs, as we
thought that the division of the current medium sized
case-control samples might cause type I error.
Conclusions
As increasing evidence to support “common disease rare
variant model” in schizophrenia in recent two years
Table 2 Haplotype distributions of SNPs rs6506640-
rs1156044 in Han Chinese with and without
schizophrenia
Haplotype A-A (%) A-G (%) G-A (%) G-G (%) P-value
a
SZ-HC 774 (73.2) 10 (0.95) 5 (0.47) 269 (25.4) 0.232
CT-HC 774 (76.6) 5 (0.5) 4 (0.4) 227 (22.5)
Note: SZ = schizophrenia; HC = Han Chinese; CT = control.
a two-tailed Fisher’s Exact Probability Test P value.
Table 3 Analysis of the reported allele and genotype frequencies of rs1156044 in Han Chinese and Japanese
Population and sample size Genotype P-value
a Allele P-value
a Data source
A/A (%) A/G (%) G/G (%) A (%) G (%)
1. SZ-HC (n = 529) 292 (55.2) 195 (36.9) 42 (7.9) 0.023 (1 vs. 3) 779 (73.6) 279 (26.4) 0.005 (1 vs. 3) This study
0.018 (1 vs. 4) 0.044 (1 vs. 4)
0.346 (1 vs. 5) 0.459 (1 vs. 5)
2. CT-HC (n = 505) 299 (59.2) 180 (35.6) 26 (5.2) 0.0003 (2 vs. 3) 778 (77.0) 232 (23.0) 0.0004 (2 vs. 3) This study
0.001 (2 vs. 4) 0.001 (2 vs. 4)
0.076 (2 vs. 5) 0.030 (2 vs. 5)
3. SZ-JP (n = 212) 94 (44.3) 95 (44.8) 23 (10.8) 0.264 (3 vs. 6) 283 (66.7) 141 (33.3) 1.000 (3 vs. 6) Washizuka et al. 2006
4. CT-JP (n = 222) 99 (44.6) 106 (47.7) 17 (7.7) 0.041 (4 vs. 6) 304 (68.5) 140 (31.5) 0.663 (4 vs. 6) Washizuka et al. 2006
5. CT-CHB+CHD (n = 243) 123 (50.6) 103 (42.4) 17 (7.0) 0.055 (5 vs. 6) 349 (71.8) 137 (28.2) 0.187 (5 vs. 6) HapMap dataset
6. CT-JPT (n = 113) 55 (48.7) 41 (36.3) 17 (15.0) –– –– HapMap dataset
Note: SZ-HC and CT-HC refer to Han Chinese with and without schizophrenia, respectively. CT-CHB = Beijing Han Chinese from HapMap; CHD = Chinese in
Metropolitan Denver from HapMap; CT-JPT = Japanese in Tokyo from HapMap; SZ-JP and CT-JP refer to Japanese patients with and without schizophrenia from
Washizuka et al. [5]. We did not include the reported Han Chinese data in Zhang et al’s study [7] for comparison, as there is inconsistency about the sample size
in their text.
a two-tailed Fisher’s Exact Probability Test P value.
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mainly based on genome wide association studies
( G W A S s )[ 2 1 - 3 3 ] ,w es h o u l db em o r ec a r e f u lt or e p o r t
association between common variant (e.g. rs6506640
and rs1156044, all with MAF≈0.3) and schizophrenia.
More studies with large sample size and population
from different regions, as well as, functional assays
should be conducted to finally elucidate the role of
NDUFV2 in schizophrenia.
Acknowledgements
The authors thank all subjects who participated in this study. This work was
supported by the National Natural Science Foundation of China (30925021,
30870893), Yunnan Province (2009CI119), Chinese Academy of Sciences, and
National Key Basic Research and Development Program (973)
(2007CB512301).
Author details
1Key Laboratory of Animal Models and Human Disease Mechanisms of the
Chinese Academy of Sciences & Yunnan Province, Kunming Institute of
Zoology, Kunming, Yunnan 650223, China.
2The Institute of Mental Health,
the Second Xiangya Hospital, Central South University, Changsha, Hunan
410011, China.
3Graduate School of the Chinese Academy of Sciences,
Beijing 100039, China.
4School of Life Sciences, University of Science and
Technology of China, Hefei, Anhui 230027, China.
5Department of
Cardiology, Calmette Hospital, Kunming Medical College, Kunming, Yunnan
650011, China.
Authors’ contributions
YGY, XC, WZ designed the study, XC, JT, LT are responsible for the inclusion
of patients and controls. WZ, WG, HG performed the experiments and
statistical analyses. WZ and YGY wrote the manuscript. All authors
contributed to and approved the final version of the manuscript.
Competing interests
The authors declare that they have no competing interests.
Received: 3 November 2010 Accepted: 29 December 2010
Published: 29 December 2010
References
1. Shao L, Martin MV, Watson SJ, Schatzberg A, Akil H, Myers RM, Jones EG,
Bunney WE, Vawter MP: Mitochondrial involvement in psychiatric
disorders. Ann Med 2008, 40:281-295.
2. Ji B, La Y, Gao L, Zhu H, Tian N, Zhang M, Yang Y, Zhao X, Tang R, Ma G,
Zhou J, Meng J, Ma J, Zhang Z, Li H, Feng G, Wang Y, He L, Wan C: A
comparative proteomics analysis of rat mitochondria from the cerebral
cortex and hippocampus in response to antipsychotic medications. J
Proteome Res 2009, 8:3633-3641.
3. Swerdlow RH, Weaver B, Grawey A, Wenger C, Freed E, Worrall BB:
Complex I polymorphisms, bigenomic heterogeneity, and family history
in Virginians with Parkinson’s disease. J Neurol Sci 2006, 247:224-230.
4. Washizuka S, Iwamoto K, Kakiuchi C, Bundo M, Kato T: Expression of
mitochondrial complex I subunit gene NDUFV2 in the lymphoblastoid
cells derived from patients with bipolar disorder and schizophrenia.
Neurosci Res 2009, 63:199-204.
5. Washizuka S, Kametani M, Sasaki T, Tochigi M, Umekage T, Kohda K, Kato T:
Association of mitochondrial complex I subunit gene NDUFV2 at 18p11
with schizophrenia in the Japanese population. Am J Med Genet B
Neuropsychiatr Genet 2006, 141B:301-304.
6. Xu C, Li PP, Kennedy JL, Green M, Hughes B, Cooke RG, Parikh SV, Warsh JJ:
Further support for association of the mitochondrial complex I subunit
gene NDUFV2 with bipolar disorder. Bipolar Disord 2008, 10:105-110.
7. Zhang J, Li X, Wang Y, Ji J, Yang F, Feng G, Wan P, Lindpaintner K, He L,
He G: Association study on the mitochondrial gene NDUFV2 and bipolar
disorder in the Chinese Han population. J Neural Transm 2009,
116:357-361.
8. Schwab SG, Hallmayer J, Lerer B, Albus M, Borrmann M, Hönig S, Strauß M,
Segman R, Lichtermann D, Knapp M, Trixler M, Maier W, Wildenauer DB:
Support for a chromosome 18p locus conferring susceptibility to
functional psychoses in families with schizophrenia, by association and
linkage analysis. Am J Hum Genet 1998, 63:1139-1152.
9. Ben-Shachar D, Karry R: Sp1 expression is disrupted in
schizophrenia; a possible mechanism for the abnormal expression
of mitochondrial complex I genes, NDUFV1 and NDUFV2. PLoS
One 2007, 2:e817.
10. Ben-Shachar D, Karry R: Neuroanatomical pattern of mitochondrial
complex I pathology varies between schizophrenia, bipolar disorder and
major depression. PLoS One 2008, 3:e3676.
11. Karry R, Klein E, Ben Shachar D: Mitochondrial complex I subunits
expression is altered in schizophrenia: a postmortem study. Biol
Psychiatry 2004, 55:676-684.
12. Washizuka S, Iwamoto K, Kazuno AA, Kakiuchi C, Mori K, Kametani M,
Yamada K, Kunugi H, Tajima O, Akiyama T, Nanko S, Yoshikawa T, Kato T:
Association of mitochondrial complex I subunit gene NDUFV2 at 18p11
with bipolar disorder in Japanese and the National Institute of Mental
Health pedigrees. Biol Psychiatry 2004, 56:483-489.
13. Washizuka S, Kakiuchi C, Mori K, Kunugi H, Tajima O, Akiyama T, Nanko S,
Kato T: Association of mitochondrial complex I subunit gene NDUFV2 at
18p11 with bipolar disorder. Am J Med Genet B Neuropsychiatr Genet 2003,
120B:72-78.
14. The HapMap Database. [http://hapmap.ncbi.nlm.nih.gov/].
15. HWsim website. [http://krunch.med.yale.edu/hwsim/].
16. Excoffier L, Laval G, Schneider S: Arlequin (version 3.0): an integrated
software package for population genetics data analysis. Evol Bioinform
Online 2005, 1:47-50.
17. Stephens M, Smith NJ, Donnelly P: A new statistical method for haplotype
reconstruction from population data. Am J Hum Genet 2001, 68:978-989.
18. Chen J, Zheng H, Bei JX, Sun L, Jia WH, Li T, Zhang F, Seielstad M, Zeng YX,
Zhang X, Liu J: Genetic structure of the Han Chinese population revealed
by genome-wide SNP variation. Am J Hum Genet 2009, 85:775-785.
19. McClellan JM, Susser E, King MC: Schizophrenia: a common disease
caused by multiple rare alleles. Br J Psychiatry 2007, 190:194-199.
20. Sebat J, Levy DL, McCarthy SE: Rare structural variants in schizophrenia:
one disorder, multiple mutations; one mutation, multiple disorders.
Trends Genet 2009, 25:528-535.
21. International Schizophrenia Consortium: Rare chromosomal deletions and
duplications increase risk of schizophrenia. Nature 2008, 455:237-241.
22. Friedman JI, Vrijenhoek T, Markx S, Janssen IM, van der Vliet WA, Faas BH,
Knoers NV, Cahn W, Kahn RS, Edelmann L, Davis KL, Silverman JM,
Brunner HG, van Kessel AG, Wijmenga C, Ophoff RA, Veltman JA: CNTNAP2
gene dosage variation is associated with schizophrenia and epilepsy.
Mol Psychiatry 2008, 13:261-266.
23. Kirov G, Gumus D, Chen W, Norton N, Georgieva L, Sari M, O’Donovan MC,
Erdogan F, Owen MJ, Ropers HH, Ullmann R: Comparative genome
hybridization suggests a role for NRXN1 and APBA2 in schizophrenia.
Hum Mol Genet 2008, 17:458-465.
24. Lencz T, Morgan TV, Athanasiou M, Dain B, Reed CR, Kane JM,
Kucherlapati R, Malhotra AK: Converging evidence for a pseudoautosomal
cytokine receptor gene locus in schizophrenia. Mol Psychiatry 2007,
12:572-580.
25. Need AC, Ge D, Weale ME, Maia J, Feng S, Heinzen EL, Shianna KV, Yoon W,
Kasperavičiūtė D, Gennarelli M, Strittmatter WJ, Bonvicini C, Rossi G,
Jayathilake K, Cola PA, McEvoy JP, Keefe RS, Fisher EM, St Jean PL,
Giegling I, Hartmann AM, Möller HJ, Ruppert A, Fraser G, Crombie C,
Middleton LT, St Clair D, Roses AD, Muglia P, Francks C, et al: A genome-
wide investigation of SNPs and CNVs in schizophrenia. PLoS Genet 2009,
5:e1000373.
26. O’Donovan MC, Craddock N, Norton N, Williams H, Peirce T, Moskvina V,
Nikolov I, Hamshere M, Carroll L, Georgieva L, Dwyer S, Holmans P,
Marchini JL, Spencer CC, Howie B, Leung HT, Hartmann AM, Möller HJ,
Morris DW, Shi Y, Feng G, Hoffmann P, Propping P, Vasilescu C, Maier W,
Rietschel M, Zammit S, Schumacher J, Quinn EM, Schulze TG, et al:
Identification of loci associated with schizophrenia by genome-wide
association and follow-up. Nat Genet 2008, 40:1053-1055.
27. Purcell SM, Wray NR, Stone JL, Visscher PM, O’Donovan MC, Sullivan PF,
Sklar P: Common polygenic variation contributes to risk of schizophrenia
and bipolar disorder. Nature 2009, 460:748-752.
Zhang et al. Behavioral and Brain Functions 2010, 6:75
http://www.behavioralandbrainfunctions.com/content/6/1/75
Page 4 of 528. Shi J, Levinson DF, Duan J, Sanders AR, Zheng Y, Pe’er I, Dudbridge F,
Holmans PA, Whittemore AS, Mowry BJ, Olincy A, Amin F, Cloninger CR,
Silverman JM, Buccola NG, Byerley WF, Black DW, Crowe RR, Oksenberg JR,
Mirel DB, Kendler KS, Freedman R, Gejman PV: Common variants on
chromosome 6p22.1 are associated with schizophrenia. Nature 2009,
460:753-757.
29. Shifman S, Johannesson M, Bronstein M, Chen SX, Collier DA, Craddock NJ,
Kendler KS, Li T, O’Donovan M, O’Neill FA, Owen MJ, Walsh D,
Weinberger DR, Sun C, Flint J, Darvasi A: Genome-wide association
identifies a common variant in the reelin gene that increases the risk of
schizophrenia only in women. PLoS Genet 2008, 4:e28.
30. Stefansson H, Ophoff RA, Steinberg S, Andreassen OA, Cichon S, Rujescu D,
Werge T, Pietiläinen OP, Mors O, Mortensen PB, Sigurdsson E, Gustafsson O,
Nyegaard M, Tuulio-Henriksson A, Ingason A, Hansen T, Suvisaari J,
Lonnqvist J, Paunio T, Børglum AD, Hartmann A, Fink-Jensen A,
Nordentoft M, Hougaard D, Norgaard-Pedersen B, Böttcher Y, Olesen J,
Breuer R, Möller HJ, Giegling I, et al: Common variants conferring risk of
schizophrenia. Nature 2009, 460:744-747.
31. Sullivan PF, Lin D, Tzeng JY, van den Oord E, Perkins D, Stroup TS,
Wagner M, Lee S, Wright FA, Zou F, Liu W, Downing AM, Lieberman J,
Close SL: Genomewide association for schizophrenia in the CATIE study:
results of stage 1. Mol Psychiatry 2008, 13:570-584.
32. Walsh T, McClellan JM, McCarthy SE, Addington AM, Pierce SB, Cooper GM,
Nord AS, Kusenda M, Malhotra D, Bhandari A, Stray SM, Rippey CF,
Roccanova P, Makarov V, Lakshmi B, Findling RL, Sikich L, Stromberg T,
Merriman B, Gogtay N, Butler P, Eckstrand K, Noory L, Gochman P, Long R,
Chen Z, Davis S, Baker C, Eichler EE, Meltzer PS, et al: Rare structural
variants disrupt multiple genes in neurodevelopmental pathways in
schizophrenia. Science 2008, 320:539-543.
33. Xu B, Roos JL, Levy S, van Rensburg EJ, Gogos JA, Karayiorgou M: Strong
association of de novo copy number mutations with sporadic
schizophrenia. Nat Genet 2008, 40:880-885.
doi:10.1186/1744-9081-6-75
Cite this article as: Zhang et al.: Common promoter variants of the
NDUFV2 gene do not confer susceptibility to schizophrenia in Han
Chinese. Behavioral and Brain Functions 2010 6:75.
Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
Zhang et al. Behavioral and Brain Functions 2010, 6:75
http://www.behavioralandbrainfunctions.com/content/6/1/75
Page 5 of 5